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Plckly pear has been destroyed by Cactoblastls cactorum, a moth
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ETHODS of insect control are sometimes classified under the four following
M
headings—Quarantine, Cultural Methods, Biological Control and Chemical
Treatments. Each method has its own particular part to play in preventing the
spread and multiplication of insect pests and it is essential for maximum results
that everyone—whether he be a commercial grower or a backyard gardener—has a
general understanding of the principles involved.
QUARANTINE
There is a tendency for many people
to regard quarantine as a function of
the Government and to leave the m a t t e r
entirely to authorised officials.
Most
regulations make dull reading and the
quarantine literature is no exception;
consequently few people are even aware
of the existence of many of the regulations, much less the reasons for their
promulgation.
The isolation of Australia as a whole,
and Western Australia in particular, has
meant t h a t many almost world-wide
pests have so far failed to become established on this continent and t h a t where
they have done so some have failed to
reach Western Australia. The rapid improvement of transport facilities in r e cent years has done much to bridge the
gap between continent and continent
and between State and State, and in
consequence the importance of effective
quarantine measures h a s greatly increased. It will be necessary to take only
one or two examples to illustrate this
point.
!

The codling moth for instance is a
major pest of apples and pears, which is
widespread in the main apple-growing
countries of the world, but which so far
has failed to colonise Western Australia.
This State's fortunate position has been
maintained by a total prohibition on the
importation of apples, pears and quinces
from outside sources. The fact t h a t
numerous outbreaks of codling moth
have occurred in Western Australia in
the last 50 years reveals a weakness in
the quarantine system, but complete
eradication of all but the most recent
outbreaks indicates the value of t h e
system as a whole.
Co-operation is Important.
One of the primary weaknesses in
general quarantine is the lack of public
co-operation. The difficulty of inspecting all interstate luggage (for instance)
is self-evident and consequently there
is ample opportunity for people to bring
apples into Western Australia or to take
other fruits to the Eastern States. South
Australia, it should be noted, is not concerned about keeping out codling moth
Journal of agriculture Vol. 1 1952
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as the insect is already firmly entrenched. On the other hand, fruit fly
is greatly feared and in recent years a p proximately £500,000 has been spent on
eradicating this pest, and strict precautions are being observed to prevent
further introductions. Within our own
State the movement of fruit is restricted
from t h e metropolitan area to such
major apple-growing districts as Bridgetown a n d Mt. Barker, again with a view
to preventing the permanent establishm e n t of the Mediterranean fruit fly in
the southern portions of the State.
I n t h e stock industry buffalo fly and
cattle tick are of major importance, and
both pests are well established in our
Kimberley Division. The movement of
cattle to the clean southern areas is only
allowed for slaughter and then only in

W.A.
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accordance with specified spraying or
dipping regulations.
What applies to international or interstate quarantine applies to a lesser degree to individual properties. Care should
be taken to see t h a t clean material only,
whether it be plant or animal, is introduced on to a farm or an orchard. Suspect animals or plants should be treated
for the particular trouble in question
and kept isolated until all risk is passed.
The foregoing examples will have illustrated the importance of quarantine
measures and the savings which they
can mean to all members of the community.
The ever-increasing volume of air
traffic is creating a special hazard and
emphasises still further the necessity for
public co-operation. What is required

Fig. 2.-An apple cut open to show the damage caused by the codling moth caterpillar.
Journal of agriculture Vol. 1 1952
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is t h a t all members of the community
should comply with quarantine regulations, whether the reason for the p a r t i cular restriction is obvious or not, and
that specimens of any suspect insect
should be forwarded to the Department
of Agriculture for identification.
The
prompt submission of specimens has
enabled numerous pests to be dealt with
before they become established and t h e
public's responsibility in this regard cannot be over-emphasised.

By following one crop with some totally
unrelated plant, however, certain types
of insects can be completely checked. For
instance, although cabbages may be
severely attacked by the cabbage moth,
potatoes or carrots could safely follow in
the same plot, whereas cauliflowers or
brussels sprouts would be susceptible to
many cabbage pests. Again tomatoes,
cape gooseberries, tobacco and potatoes
have a common pest in the potato moth
and so do not make an ideal rotation.

CULTURAL METHODS
Clean Cultivation and General Hygiene.
Cultural practices may have a very
important effect upon insect activity
and so wherever possible such methods
should be modified in order to reduce
pest species to a minimum.
Dirty
borders and weedy plots will render the
control of snails, red mite and cutworms
an almost impossible task, whereas
clean cultivation will greatly reduce the
necessity of chemical treatments.
A corollary of clean cultivation is t h a t
useless plants should always be destroyed
as soon possible. For instance, when
cutting cabbages and cauliflowers, the
butts should be pulled up so as not to
serve as further breeding places for cabbage moths and aphis.
What applies in a small garden has
equal application on a large scale and
the planting of crops on clean fallow will
greatly reduce the danger of insect
damage. This is particularly so in the
case of leguminous crops where severe
damage from red mite and lucerne flea
may result on ploughed-in land. Webworm injury to wheat is also closely
related to cultural methods and will be
elaborated in a separate article in the
near future.

Resistant Varieties.
The development and use of resistant
varieties may perhaps be included under
the heading of cultural methods. The
principles of resistance have been exploited more efficiently in connection
with certain plant diseases t h a n with
insect pests, but resistance is by no
means unimportant in the latter field.
One of the most outstanding local a p plications of the principle is in connection with woolly aphis control on apple
trees. This aphis attacks not only the
twigs and branches but also the roots
of apple trees, consequently when the
aerial forms of the insect have been
dealt with, re-infestation from the roots
may occur. Certain types of apples, however, are unfavourable to the development of woolly aphis and these types
are widely used as root stocks.
Amongst the best known of the resistant apple varieties may be mentioned
the Northern Spy, t h e Winter Majetin
and the Irish Peach, but the Northern
Spy is the main root stock used in local
orchards. Turning to vines we find the
use of resistant stocks for Phylloxera is
also a common practice in many countries. The insect is not established in
Western Australia but, in view of the
possibility of its entrance, a reservoir of
wild vine stocks is being built up for
immediate use should the necessity
arise.
In the case of vegetables, local
examples of resistance are less spectacular t h a n have been cited for fruit, but
most readers will know how susceptible

Crop Rotation.
If the same kind of crop is grown time
after time On the same area of land, insect and allied pests have a perpetual
food supply available and may increase
progressively with each succeeding crop.
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certain seedlings are to
red-legged earth mite injury and how other crops
suffer but little damage.
This experience
can
often be put to good use
in choosing crops for
particular situations and
seasons.
BIOLOGICAL CONTROL

No method of combating pests has appealed so
generally to the popular
fancy as that usually
known as biological control. This is readily
understandable for it involves the use of one
creature to subject another and reduces to a
minimum all manual
labour. Despite their
wide appeal, the • principles of biological control are by no means
generally understood and
the very popularity of
the method sometimes
leads to the appearance
of the most extravagant
claims or unreasonable
criticisms.
Many of the most outstanding successes with
biological control have
been achieved under insular conditions.
The
Hawaiian Islands probably offer the best examples, followed by Fiji
and New Zealand. Where
Fig. 3.—Cabbages
pests have become widely established on a continental land mass the chances of successfully introducing parasites are
seriously limited. The new environment
presents such a complex of factors,
biotic, climatic and physiographic, that
no single parasite or predator is likely
to be of more than local significance.

being dusted with a hand-operated rotary duster

This does not mean that successes have
not been achieved on large land masses,
such as America and Australia, but in
these instances the introductions have
been made into areas which may be
regarded as distinct ecological entities.
South-Western Australia is generally

Journal of agriculture Vol. 1 1952
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recognised as an ecological island and
possessing a warm equable climate and
a certain degree of physiographic
isolation it conforms with the main
requirements necessary for the successful establishment of parasites.
The successful control of prickly pear
in Queensland is perhaps the most outstanding example of successful biological
control. This success has led to a
widespread belief that every pest, insect or weed may be overcome by biological control methods if a sufficient
search is made for parasites. There is
no evidence whatever to support such a
contention. Few insects or plants are
free from the attack of natural enemies,
but this does not mean that they are
entirely controlled by such or, what is
more important, that when an organism
is introducted into a completely new and
favourable environment that such an
environment will necessarily be favourable to the establishment of parasites
and predators.
It is against introduced pests that biological control offers the most promise.
Native insects have their own natural
enemies, but when such insects assume
pest proportions it is usually some particularly favourable alteration in the local
environment rather than an absence of
parasites which brings about the change.
The little plague grasshopper of the dry
wheatbelt for instance has assumed importance because of extensive clearing
and the resultant appearance of vast
breeding grounds and an abundant food
supply. This grasshopper favours hard
bare soil for egg-laying and feeds extensively on grass and cultivated cereals.
When breeding areas were limited to
roadsides and bush clearings, parasites
and predators could keep down grasshopper numbers, but with extensive
acreages of uncultivated grazing lands
for egg beds the problem is entirely
changed.
When investigating the possibility of
controlling a pest by biological means,
the following points must be considered:—

W. A.
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1. Is the pest troublesome in its
native home? If not, is it controlled there by natural enemies?
2. Are all or any of the natural
enemies established with the pest
in its new environment? If not,
can they be successfully introduced?
3. Are the parasites and predators
under consideration specific in
their feeding habits or will they
attack a variety of hosts?
4. Is there any likelihood of any introduced parasite or predator
proving troublesome in its new
surroundings? (This is particularly important in the case of
weed control, as parasites may attack not only weeds but closely
related plants of commercial importance.)
It is only after these and various other
points have been satisfactorily answered
that any move can be made to undertake
a programme of biological control and
then the chances of outstanding success
are by no means assured.
In Western Australia one of the most
outstanding achievements in the way of
parasite introductions was the control
of woolly aphis on apple trees by the
wasp Aphelinus mali. Various other insects including the green tomato bug,
the white cabbage butterfly and the
cabbage moth are partly controlled by
parasites, but in the field of weed control there is little to report. A leafeating beetle (Chrysomela gemmellata)
has been established on St. John's Wort
in several districts in the lower Southwest with some localised success, but
generally the progress of the beetle has
been slow.
INSECTICIDES
In order to use insecticides with maximum efficiency growers should study
carefully the habits of the various insect pests and pay particular attention
to their methods of feeding. Injurious
Journal of agriculture Vol. 1 1952
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insects may be divided roughly into two
groups according to the nature of their
mouth parts, viz. (1) biting insects such
as caterpillars and grasshoppers which
bite and chew their food, and (2) sucking insects such as aphis, bugs, and
scale insects which imbibe the plant
sap by means of a beak or proboscis.
If the insect is of the chewing type,
a stomach poison such as arsenate
of lead is usually applicable, but if the pest is a
sucking one such poisons
are useless, because the
insect can insert its beak
through the poison and
drink the uncontaminated sap. For sucking
insects, therefore, contact sprays and dusts
are recommended, and
those containing nicotine
are amongst the most
effective and widely used.
Having discovered to
what feeding type the
insect belongs, and if
possible the exact species
concerned, so that its
habits and life history
can be discovered, one is
in a position to decide
how to combat the pest.
A caterpillar such as the
cabbage
moth
larva,
which spends its whole
Fig. 4.—.Cabbages
life on the plant, and
eats large amounts of
foliage, would be controlled by coating
the leaf surface with arsenate of lead
dust or spray. A cut-worm, on the other
hand, which lives much of its time in
the soil and cuts the plant off at ground
level, is best combated by poisoned bran
baits spread around the plants. Snails
are also best dealt with in this manner.
Aphis and bugs must be hit directly
with a contact dust or spray, and a constant watch should be kept for fresh infestations.

W.A.
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The manner and time of applying insecticides has almost as much effect
upon the degree of control obtained as
the kind of insecticide used.
At the .very first sign of trouble a
thorough treatment should be given, for
many insects multiply so rapidly that
once they have become firmly established
much damage can be done before they
can be brought under control.

being dusted with D.D.T. powder by means of a
wheelbarrow duster

The necessity for prompt action is
particularly urgent in seed beds, for a
dirty seed bed may result in the infestation of the entire crop when planted
out.
In applying dusts and sprays, as complete a cover of the foliage as possible
should be aimed at, not forgetting the
under surface of the leaves, for many insects prefer to feed in this more sheltered
situation. Calm fine weather should be
chosen whenever possible, as wind is

Journal of agriculture Vol. 1 1952
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liable to cause much waste of material,
and, of course, a shower just after treatment may nullify all the good work.
Dusts are often applied with a special
dust gun or blower, but such equipment
is not necessary for a backyard garden.
The material can be placed in a bag or
some other cloth container of suitable
texture, and the dust shaken on to the
plants through the meshes of the bag.
Where orchard sprays are being applied good power equipment is definitely
recommended. It i s necessary to
thoroughly cover the trees and in the
case of contact sprays to saturate the
undersides of the leaves. This can only
be done with high pressure sprays and
there is no doubt that much of the poor
control which follows some spraying is
due to poor equipment and careless
operators.
In the case of insecticides, either dusts
or liquids, containing nicotine the best
results will be obtained during warm
fine weather, for the nicotine fumes are
liberated slowly on a cold cloudy day.
Before leaving the general question of
contact insecticides it may be helpful to
know in what way they affect the insect.
In some instances toxic elements are
actually absorbed through the body wall
of the creature. Nicotine depends to a
large extent upon its fumigatory action;
but soap and oil sprays interfere with
the breathing operations of the animal.
An insect, it should be remembered, does
not breathe by means of a nose and lungs
as do the higher animals, but by means
of a system of ramifying tubes which
open to the surface as a series of holes or
breathing pores along either side of the
insect's body. If these holes are clogged
by a spray film death from suffocation
is the result.
NEW INSECTICIDES
Under this heading will be grouped
D.D.T., B.H.C. and all the organic insecticides developed during and since World
War II. Such rapid strides have been
made in the insecticide field in recent

W.A.
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years that it is impossible to give all the
latest information in an article such as
this. The most salient features of the
better known chemicals will be outlined,
however, together with some general recommendations as to their use.
D.D.T. (Dichloro-diphenyl-Trichloroethane).
The use of D.D.T. as an insecticide
ranks as one of the outstanding discoveries of the war period for, although
the material was first prepared by a
German chemist in 1874, it was not until
1939 that its vast potentialities as an insecticide were foreshadowed.
D.D.T. is a contact as well as a stomach
poison and unlike other insecticides in
common use has the advantage of remaining effective as a spray or dust film
for a considerable period. It is slow in
action, however, and signs of distress
may not be noticeable in an insect for
half an hour or more after receiving a
lethal dose, while death may be delayed
for a much longer period. D.D.T. should
not be mixed with lime or alkaline
materials as its efficiency may be
seriously affected.
D.D.T. is toxic to mammals and consequently should be handled with care.
Oil solutions are readily absorbed
through the skin and therefore are unsuitable for the treatment of animals excepting under special circumstances.
Dusts and emulsions are much safer and
are available in forms suitable for use
both on plants and domestic animals.
D.D.T. is highly toxic to fish and many
other cold-blooded creatures.
B.H.C. (Benzene-hexachloride, 666 or
"Gammexane").
Like D.D.T., Benzene-hexachloride is
insoluble in water and so is used either
in specially prepared emulsions or dust
formulations. It has not the same residual effect as D.D.T. for spray purposes,
but as a soil insecticide may remain
active for several months. Crude B.H.C.
Journal of agriculture Vol. 1 1952
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has a musty smell and may taint vegetables and fruit under certain conditions.
The pure gamma isomer of B.H.C. has
been commercially manufactured under
the name of Lindane. This refined product lacks the disagreeable musty odour
of crude B.H.C. and is much less liable
to affect plants and seeds.

in kerosene. Its residual action is of
shorter duration t h a n t h a t of D.D.T., but
its fumigatory properties often produce
quick results. It has shown particular
promise against grasshoppers and Argentine ants and should prove a useful
addition to local insecticides when
readily available in Australia.

Chlordane.
Chlordane may act as a stomach
poison, a contact insecticide or a fumigant. This chemical was developed in
America in recent years and so far is
not procurable on the local market. I t
is insoluble in water but easily soluble

Aldrin.
Aldrin is one of the newer insecticides
which is not yet procurable on the local
market. It is insoluble in water, but
highly soluble in most organic solvents.
Its residual action is somewhat less
t h a n Chlordane, but it has been reported

Fig. 5— Spraying orchard trees with a modern tractor-drawn outfit operated by the power take-off.
Journal of agriculture Vol. 1 1952
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to be effective against quite a wide range
of insects including ants, mosquitoes and
housefly larvae and thrips.

to humans and so far has only been
used in Australia on an experimental
scale.

Dieldrin.
Dieldrin is reported to be one of the
most promising insecticides yet developed. It has protracted residual action
and a pronounced fumigatory effect. It
has given striking results aginst flies,
mosquitoes, ants and ticks. It is insoluble in water, but may be used as
an emulsion or a dust preparation.

PLANT INJURY
Many of the new insecticides may
produce phytocidal effects if used at
high concentrations. Most of the commercial preparations, however, are available in forms suitable for orchard and
market garden use. Certain plants are
particularly susceptible to some insecticides and conditions of growth may also
produce varying results.
Melons, cucumbers and their relatives
are adversely affected by D.D.T.,
especially in the seedling stages. Young
beans and young tomatoes may also react adversely to D.D.T. treatments.
High concentrations of B.H.C. both as
soil dressings and foliage treatments
have been reported to cause dwarfing
to various plants. No serious effects,
however, have been noticed following the
light treatments used locally. Off
flavours have been reported in fruit and
vegetables following the use of crude
B.H.C. The musty odour of the crude
material also renders it unsuitable as a
household insecticide but the development of the refined product Lindane has
largely overcome these drawbacks.
Parathion has been reported to cause
some injury to apple foliage and to produce off flavours in certain vegetables.
H.E.T.P. is not recommended for use
on tomato plants as adverse growth effects may follow its application.

H.E.T.P. (Hexa-ethyl-tetra-phosphate).
This material is sold locally under the
name of "Hexone." It is a very good substitute for Nicotine Sulphate and was
developed in Germany during the war
for this purpose. It is very effective
against aphis and red spider and in the
concentrated form is highly toxic to both
insects and mammals. It mixes readily
with water, but hydrolises rapidly and
must be used within an hour of mixing.
It has some fumigatory action as well as
being a contact spray.
Parathion or E. 605.
Preparations of Parathion are sold
locally under the names of "Folidol" and
"Phosphone." This new insecticide is
particularly effective against various
mites and is toxic to a wide range of insects. It is used mainly as a contact insecticide but has some onicidal and
stomach poison properties. Is said also
to have some fumigatory action and to
possess some of the properties of a systemic insecticide.
Systemic Insecticide.
Under this heading may be grouped a
number of insecticides which are actually absorbed by the plant and carried in
the sap to the young growing shoots.
Such materials may kill aphis and other
sap-sucking pests several weeks after
being applied to a plant.
Pestox III is one of the best known
of the systemic group. It is highly toxic

EFFECT OF INSECTICIDES ON THE
BALANCE OF NATURE
The fact that the widespread use of
modern insecticides presents a hazard
to useful insects as well as birds, fish
and other natural fauna cannot be
denied. The new materials are so much
more effective than their predecessors
in controlling pests, however, that it is
quite out of the question to ban their
use.
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In order to reduce to a minimum the
impact of these lethal products upon
our fauna the following rules should be
observed:—
1. Potent insecticides such as D.D.T.
or the organic phosphates should
only be used when satisfactory
control cannot be achieved by
other means.
2. These insecticides should be used
a t the minimum efficient dosage.
3. They should be used over relatively
restricted areas.
Much more information is still necessary before all the possible repercussions which may follow the general use
of organic insecticides can be interpreted. The liberal use of D.D.T. has led
to outbreaks of red spider and other
mites presumably because the n a t u r a l
enemies of these creatures are more susceptible to D.D.T. t h a n t h e mites t h e m selves.
The reduction of insect pollinators
such as bees h a s also been associated
with D.D.T. and other treatments. Fish,
frogs and other cold-blooded creatures
are highly susceptible to D.D.T. in quite
low concentrations, and cumulative effects may occur in some of the higher
animals.
In planning wholesale eradication
schemes for mosquitoes, forest insects
and other widespread pests all aspects
of the problem must, therefore, be considered.
Although the most pessimistic forecasts have been made concerning the
effect of D.D.T. and other modern insecticides upon the balance of nature they
have not all been fulfilled. The future
Is still somewhat obscure, but there is
little doubt t h a t the grower himself will
be one of the most potent deciding factors. The careful and intelligent use of
modern insecticides should result in
little serious upset in the n a t u r a l
balance whereas the careless and wholesale application of these materials may
spell something approaching disaster.
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RESIDUES
The likelihood of heavy residues a c cumulating on vegetables and fruit after
repeated applications of insecticides
must not be overlooked. In the case of
fruits and vegetables, arsenic, D.D.T.
and other toxic materials should not be
applied within six weeks of harvesting
the crop. Where later treatments are
necessary relatively harmless materials
such as derris should be used or
materials with poor residual qualities
such as nicotine sulphate and H.E.T.P.
GENERAL WARNING
Most of the insecticides in modern use
are toxic to humans and the higher animals. Many of them may be absorbed
through the skin without any obvious
irritation a t the point of contact. D.D.T.
is a cumulative poison and may become
concentrated in the fat. There is evidence t h a t the continued feeding of
contaminated material to dairy cows
may result in the appearance of D.D.T.
in the milk.
Most of the organic phosphates such
as H.E.T.P., Parathion and Pestox III
are highly toxic to h u m a n s and the concentrates should be handled with the
greatest care. Special precautions should
be taken when handling all concentrated insecticides to see t h a t they are
not splashed on to the bare skin.
Operators should also not inhale the
spray mist or allow their clothing to become saturated with liquid.
All exposed parts should be thoroughly
washed with soap and water after using
either dusts or sprays and workers with
insecticides should take as a warning
any signs of headache, giddiness or
nausea during operations.
The old saying "Familiarity breeds
contempt" is particularly applicable
where insecticides are concerned, but
growers should handle all products with
care and comply strictly with any safety
precautions recommended by the m a n u facturers.
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